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PIXEL AND DISPLAY DEVICE HAVING A
FRAME FREQUENCY WITH A PLURALITY
OF NON-EMISSION PERIODS

The application claims priority to Korean patent applica-
tion No. 10-2021-0101599, filed on Aug. 2, 2021, and all the

benefits accruing therefrom under 35 U.S.C. § 119, the
content of which 1n 1ts entirety 1s herein incorporated by
reference.

BACKGROUND

1. Field

Various embodiments of the invention relate to a display
device, and more particularly to a pixel to which variable
frequency driving 1s applied and a display device including
the pixel.

2. Description of the Related Art

A display device may include a plurality of pixels. Each
of the pixels may include a plurality of transistors, a light-
emitting element electrically connected to the transistors,
and a capacitor. The transistors may generate a driving
current based on signals provided through signal lines, and
the light-emitting element may emit light based on the
driving current.

To enhance a dniving efliciency of the display device, 1t 1s
desired to reduce power consumption of the display device.
The power consumption of the display device may be
reduced by reducing a driving frequency (or data writing
frequency) when a static image 1s displayed, for example.
Further, 1n order to display an image under various condi-
tions, the display device may display images at various
frame frequencies (or driving frequencies).

SUMMARY

Embodiments of the invention provide a pixel that pro-
vides a data signal to a first transistor based on a capacitance
rat1o of a first capacitor and a storage capacitor.

Furthermore, embodiments of the invention provide a
display device including the pixel.

However, features of the invention are not limited to the
above-described objects, and various modifications are pos-
sible without departing from the spirit and scope of the
invention.

An embodiment of the invention may provide a display
device including a pixel connected to a first scan line, a
second scan line, a third scan line, an emission control line,
and a data line, a scan driver which supplies a first scan
signal, a second scan signal, and a third scan signal to the
first scan line, the second scan line, and the third scan line,
respectively, 1n a first non-emission period, and supplies the
second scan signal to the second scan line 1n a second
non-emission period, an emission driver which supplies an
emission control signal to the emission control line 1n the
first non-emission period and the second non-emission
period, and a data driver which supplies a data signal to the
data line 1n the first non-emission period.

The pixel may include a light-emitting element, a first
transistor which controls a driving current flowing from a
first power line providing a first supply voltage through the
light-emitting element to a second power line providing a
second supply voltage based on a voltage of a first node, a
second transistor which 1s connected between the data line
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and a second node, and turned on 1n response to the first scan
signal supplied to the first scan line, a first capacitor con-
nected between the first node and the second node, a third
transistor which 1s connected between a third power line
providing a third supply voltage and the first node, and
turned on 1n response to the third scan signal supplied to the
third scan line, a storage capacitor connected between the
first node and a third node, a fourth transistor which 1s
connected between the third node and a fourth power line
providing a fourth supply voltage, and turned on 1n response
to the second scan signal supplied to the second scan line, a
fifth transistor which 1s connected between the first power
line and the first transistor, and turned ofl 1n response to the
emission control signal supplied to the emission control line,
and a sixth transistor which supplies a fifth supply voltage to
the second node 1n response to the third scan signal.

In an embodiment, the first transistor may include a first
electrode connected to the fifth transistor, a second electrode
clectrically connected to the third node, a first gate electrode
connected to the first node, and a second gate electrode
connected to the second electrode.

In an embodiment, the sixth transistor may be connected
between the third power line and the second node, and the
fifth supply voltage may be the third supply voltage.

In an embodiment, at least one of the second to sixth
transistors may include an oxide semiconductor pattern, a
first gate electrode which overlaps the oxide semiconductor
pattern, and a second gate e¢lectrode facing the first gate
clectrode with the oxide semiconductor pattern interposed
therebetween, and electrically connected to the first gate
clectrode.

In an embodiment, the first non-emission period may
include a first period, a second period, a third period, and a
fourth period which are sequentially performed, and the
second scan signal and the third scan signal may be supplied
to the second scan line and the third scan line, respectively,
during the first period.

In an embodiment, during the second period, the third
scan signal may be supplied to the third scan line, and the
fifth transistor may be turned on by interruption of the
emission control signal.

In an embodiment, the first scan signal and the second
scan signal may be supplied to the first scan line and the
second scan line, respectively, during the third period, and
the data signal may be supplied to the pixel 1n response to
the first scan signal.

In an embodiment, the second scan signal may be sup-
plied to the second scan line during the fourth period.

In an embodiment, the sixth transistor may be connected
between the fifth power line and the second node, and the
fifth supply voltage may be diflerent from the third supply
voltage.

In an embodiment, the sixth transistor may be connected
between the first node and the second node, and the fifth
supply voltage may be identical to as the thuird supply
voltage.

In an embodiment, the scan driver may supply a fourth
scan signal to the pixel through a fourth scan line in the first
non-emission period and the second non-emission period.

In an embodiment, the pixel may further include a seventh
transistor which 1s connected between a fifth power line
providing a sixth supply voltage and the second electrode of
the first transistor, and turned on in response to the fourth
scan signal, and an eighth transistor which 1s connected
between the second electrode of the first transistor and the
third node, and turned off 1n response to the emission control
signal.
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In an embodiment, the scan driver may supply the fourth
scan signal to the fourth scan line in the fourth period.

In an embodiment, the fourth scan signal may overlap at
least a part of the third period.

In an embodiment, capacitance of the storage capacitor
may be greater than capacitance of the first capacitor.

An embodiment of the mmvention may provide a pixel
connected to first to fifth power lines, first to third scan lines,
a data line and an emission control line and including a
light-emitting element, a first transistor which controls a
driving current flowing from the first power line providing
a first supply voltage through the light-emitting element to
the second power line providing a second supply voltage
based on a voltage of a first node, a second transistor which
1s connected between the data line and a second node, and
turned on 1n response to a first scan signal supplied to the
first scan line, a first capacitor connected between the first
node and the second node, a third transistor which 1s
connected between the third power line providing a third
supply voltage and the first node, and turned on 1n response
to a third scan signal supplied to the third scan line, a storage
capacitor connected between the first node and a third node,
a fourth transistor which 1s connected between the third node
and the fourth power line providing a fourth supply voltage,
and turned on 1n response to a second scan signal supplied
to the second scan line, a fifth transistor which 1s connected
between the first power line and the first transistor, and
turned ofl in response to an emission control signal supplied
to the emission control line, and a sixth transistor connected
between the fifth power line providing a fifth supply voltage
and the second node.

In an embodiment, the first transistor may include a first
electrode connected to the fifth transistor, a second electrode
clectrically connected to the third node, a first gate electrode
connected to the first node, and a second gate electrode
connected to the second electrode, and capacitance of the
storage capacitor may be greater than capacitance of the first
capacitor.

In an embodiment, one frame period may 1nclude a first
non-emission period and at least one second non-emission
period, the first non-emission period may include a first
period, a second period, a third period, and a fourth period
which are sequentially performed, and the third transistor,
the fourth transistor, and the sixth transistor may be turned
on during the first period.

In an embodiment, during the second period, the third
transistor, the fifth transistor, and the sixth transistor may be
turned on, and a threshold voltage of the first transistor may
be stored 1n the storage capacitor.

In an embodiment, during the third period, the second
transistor and the fourth transistor may be turned on, and a

data signal may be written, and the fourth transistor may be
turned on during the fourth period.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The above and other exemplary embodiments, advantages
and features of this disclosure will become more apparent by
describing 1n further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:

FIG. 1 1s a block diagram illustrating an embodiment of
a display device 1n accordance with the invention.

FI1G. 2 1s a circuit diagram 1llustrating an embodiment of
a pixel included in the display device of FIG. 1.

FIG. 3 1s a cross-sectional view illustrating an embodi-
ment of transistors included 1n the pixel of FIG. 2.
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FIG. 4 1s a timing diagram 1illustrating an embodiment of
signals supplied to the pixel of FIG. 2.

FIG. 5 1s a circuit diagram 1llustrating an embodiment of
a pixel included n the display device of FIG. 1.

FIG. 6 1s a circuit diagram 1llustrating an embodiment of
a pixel included n the display device of FIG. 1.

FIG. 7 1s a block diagram illustrating an embodiment of
a display device in accordance with the invention.

FIG. 8 1s a circuit diagram 1llustrating an embodiment of
a pixel included 1n the display device of FIG. 7.

FIG. 9 1s a timing diagram 1illustrating an embodiment of
signals supplied to the pixel of FIG. 8.

DETAILED DESCRIPTION

Various embodiments of the invention will hereinafter be
described 1n detail with reference to the accompanying
drawings. The same reference numerals are used throughout
the diflerent drawings to designate the same components,
and repetitive description of the same components will be
omitted.

It will be understood that when an element 1s referred to
as being “on” another element, 1t can be directly on the other
clement or mterveming elements may be therebetween. In
contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening elements
present.

It will be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, “a first element,” “component,” “region,”
“layer” or “section” discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings herein.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used 1n this specification, specily the
presence ol stated features, regions, itegers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as illustrated 1n the
Figures. It will be understood that relative terms are intended
to encompass diflerent orientations of the device 1n addition
to the orientation depicted 1n the Figures. In an embodiment,
when the device 1n one of the figures 1s turned over, elements
described as being on the “lower” side of other elements
would then be oriented on “upper” sides of the other
clements. The exemplary term “lower,” can therefore,
encompasses both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, when the device in one of the figures i1s turned over,
clements described as “below” or “beneath” other elements
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would then be oriented “above™ the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.
“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement

system). The term “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the

stated value, for example.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mmvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the invention, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

FIG. 1 1s a block diagram illustrating an embodiment of
a display device 1n accordance with the invention.

Referring to FIG. 1, the display device 1000 may include
a pixel component 100, scan drivers 200, 300, and 400, an
emission driver 500, a data driver 600, and a timing con-
troller 700.

In an embodiment, the scan drivers 200, 300, and 400 may
be divided into the first scan driver 200, the second scan
driver 300, and the third scan driver 400 1n terms of
configuration and operation. However, the division of the
scan drivers 1s for convenience of description, and at least
some of the scan drivers and the emission driver may be
integrated 1nto one driving circuit, module, or the like,
according to design.

The display device 1000 may display an 1image at various
frame frequencies (or an 1image refresh rate, a screen reiresh
rate, and a driving frequency) according to driving condi-
tions. The frame frequency 1s a frequency at which the data
signal 1s substantially written to the driving transistor of the
pixel PX1y (where 1 and j are positive integers). In an
embodiment, the frame frequency 1s also referred to as a
screen refresh rate, and represents the frequency at which a
display screen 1s refreshed for one second, for example.

In an embodiment, the frame frequency may be a 1ire-
quency at which a data signal (data voltage) 1s substantially
written to the pixel PXi1j. The pixel PX1 may be a pixel
disposed 1n an 1-th row and a j-th column. In case that the
data signal 1s written to the pixel PX1j 1n response to a scan
signal output from the first scan driver 200, the output
frequency of the scan signal SS1:i supplied to the 1-th first
scan line S1; may be a frame frequency. In an embodiment,
a frame frequency for driving a video may be a frequency of
about 60 hertz (Hz) or more (e.g., about 120 Hz), for
example. In this case, a scan signal output from the first scan
driver 200 may be supplied to each horizontal line (pixel
row) 60 times per second.

In an embodiment, the display device 1000 may adjust the
output frequency of the first to third scan drivers 200, 300,
and 400, the output frequency of the emission driver 500,
and the output frequency of the data driver 600 according to
driving conditions. In an embodiment, the display device
1000 may display images in response to various frame
frequencies ranging from about 1 Hz to about 120 Hz, for
example. However, this 1s merely illustrative, and the dis-
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6

play device 1000 may display an image even at the frame
frequency of about 120 Hz or higher (e.g., about 240 Hz or
about 480 Hz).

The pixel component 100 includes pixels disposed to be
connected to data lines D, first to third scan lines S1, S2, and
S3, and emission control lines E. In an embodiment, the
pixel PX11 may be connected to an 1-th first scan line S1i, an
1-th second scan line S2i, an 1-th third scan line S3i, an 1-th
emission control line Fi1, and a j-th data line Dy, for example.
The pixel PX1) may include a driving transistor, a plurality
of switching transistors, and a plurality of capacitors.

The pixel PX11 may be supplied with a first supply voltage
VDD, a second supply voltage VSS, a third supply voltage
Vref (e.g., a reference voltage), and a fourth supply voltage
Vint (e.g., an nitialization voltage) from an external device.

In an embodiment, the timing controller 700 may be
supplied with mput 1image data and timing signals from a
host system such as an application processor (“AP”) through
a predetermined interface.

In an embodiment, the timing controller 700 may generate
a data driving control signal DCS based on timing signals
such as mput image data, a vertical synchronization signal,
a horizontal synchronization signal, and a data enable signal.
The data driving control signal DCS may be supplied to the
data driver 600. Further, the timing controller 700 may
rearrange 1mput 1mage data to supply generated image data
RGB to the data driver 600.

The timing controller 700 may supply a first scan driving,
control signal SCS1, a second scan driving control signal
SCS2, and a third scan driving control signal SCS3 to the
first scan driver 200, the second scan driver 300, and the
third scan driver 400, respectively, based on the timing
signals.

The timing controller 700 may supply the emission driv-
ing control signal ECS to the emission driver 500 based on
the timing signals. The emission driving control signal ECS
may include an emission control start signal and clock
signals. The emission driving control signal ECS may con-
trol the first output timing of the emission control signal, and
may be used to shift the emission control signal.

The first scan driving control signal SCS1 may control the
first output timing of the scan signal (hereinafter also
referred to as the first scan signal SS1) output from the first
scan driver 200, and may be used to shift the first scan signal
SS1.

The second scan driving control signal SCS2 may control
the first output timing of the scan signal (hereinafter also
referred to as the second scan signal S52) output from the
second scan driver 300, and may be used to shift the second
scan signal SS2.

The third scan driving control signal SCS3 may control
the first output timing of the scan signal (hereinafter also
referred to as the third scan signal S S3) output from the third
scan driver 400, and may be used to shift the third scan
signal SS3.

The data driver 600 may convert the 1mage data RGB 1nto
an analog data signal DV. The data driver 600 may supply
the analog data signals DV to pixels through the data lines
D 1in response to a data driving control signal DCS.

The data driver 600 may supply the data signals DV to the
data lines D during a frame period 1n response to a frame
frequency. In an embodiment, the data signal DV supplied to
the data lines D may be supplied to be synchronized with the
first scan signal SS1 supplied to the first scan lines S1, for
example.

The first scan driver 200 may supply first scan signals SS1
to first scan lines S1 1n response to the first scan driving
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control signal SCS1. In an embodiment, the first scan driver
200 may successively supply first scan signals SS1 to the
first scan lines S1, for example.

In an embodiment, the data signal DV may be supplied to
the pixel PXi1j in response to the first scan signal SS1;
supplied to the 1-th first scan line S1i.

The first scan driver 200 may supply first scan signals SS1
to the first scan lines S1 at the same frequency as the frame
frequency of the display device 1000. In an embodiment, the
first scan driver 200 may supply scan signals to the first scan
lines S1 1n a first non-emission period of one frame, for
example.

The second scan driver 300 may supply second scan
signals SS2 to second scan lines S2 1n response to the second
scan driving control signal SCS2. In an embodiment, the
second scan driver 300 may successively supply second scan
signals SS52 to the second scan lines S2, for example.

In an embodiment, a fourth supply voltage Vint may be
supplied to a first electrode (e.g., an anode electrode) of the
light-emitting element of the pixel PX1j and one terminal of

the storage capacitor in response to the second scan signal
SS2i.

The second scan driver 300 may supply the second scan
signals SS2 to the second scan lines S2 1n the first non-
emission period and the second non-emission period of one
frame. In an embodiment, during one frame, the second scan
signal SS2i may be supplied to the 1-th second scan line S2i
multiple times, for example.

The number of second non-emission periods included in
one frame may vary depending on the frame frequency. In an
embodiment, as the frame frequency decreases, the time of
one Irame increases, for example. Accordingly, the repeti-
tion number of the second non-emission periods may
increase. In this case, within one frame period, an operation
of sequentially outputting the second scan signal SS2 to the
second scan lines S2 (e.g., the second non-emission period)
may be repeated multiple times 1n a predetermined period.

The third scan driver 400 may supply third scan signals
SS3 to third scan lines S3 1n response to the third scan
driving control signal SCS3. In an embodiment, the third
scan driver 400 may successively supply third scan signals
SS3 to the third scan lines S3, for example.

In an embodiment, the third supply voltage Vref may be
supplied to the gate electrode of the driving transistor of the
pixel PX1j 1n response to the third scan signal SS3i supplied
to the 1-th third scan line S3i.

The third scan driver 400 may supply third scan signals
SS3 to the third scan lines S3 at the same frequency as the
frame frequency of the display device 1000. In an embodi-
ment, the third scan driver 400 may supply scan signals to
the third scan lines S3 1n the first non-emission period of one
frame, for example.

The first to third scan signals SS3 may have a gate-on
voltage (e.g., a logic high voltage) so that each of the
transistors included 1n the pixel PX1y may be turned on.

The emission driver 500 may supply emission control
signals ES to control lines E, based on the emission driving
control signal ECS. In an embodiment, the emission driver
500 may sequentially supply the emission control signals ES
to the emission control lines E, for example.

The emission control signal ES 1s set to a gate-off voltage
(c.g., a logic low voltage) so that some transistors (e.g.,
N-type transistors) included in the pixels PX are turned off.
In an embodiment, the supply of the first supply voltage
VDD to the driving transistor of the pixel PXi) may be
stopped 1n response to the emission control signal ESi.
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In an embodiment, 1n the same manner as the second scan
driver 300, the emission driver 500 may supply emission
control signals ES to the emission control lines E 1n the first
non-emission period and the second non-emission period.

Thus, 1n case that the frame frequency 1s decreased, the
repetition number of the operation of supplying the emission
control signal ES within one frame period may be increased.

Each of the first, second, and third scan drivers 200, 300,
and 400 and the emission driver 500 may be disposed (e.g.,
mounted) on a substrate through a thin-film process. Further,
at least one of the first, second, and third scan drivers 200,
300, and 400 may be disposed on opposite sides with the
pixel component 100 interposed therebetween. The emission
driver 500 may be disposed on opposite sides with the pixel
component 100 interposed therebetween.

The pixel PX1j disposed on a current horizontal line (or a
current pixel row) corresponding to the circuit structure of
the pixel PXi) may be further connected to a scan line
disposed on a previous horizontal line (or a previous pixel
row) and/or a subsequent horizontal line (or a subsequent
pixel row). To this end, the pixel component 100 may further
include dummy scan lines and/or dummy emission control
lines, which are not 1illustrated.

In an embodiment, the display device 1000 may further
include a power supply component which generates a first
supply voltage VDD, a second supply voltage VSS, a third
supply voltage Vret, and a fourth supply voltage Vint based
on an external power source.

FIG. 2 1s a circuit diagram 1llustrating an embodiment of
a pixel included 1 the display device of FIG. 1.

In FIG. 2, for the sake of description, there is illustrated
a pixel 10 that 1s disposed on the 1-th horizontal line and
connected to the j-th data line D).

Referring to FIGS. 1 and 2, the pixel 10 may include a
light-emitting element LD, first to sixth transistors 11 to T6,
a storage capacitor Cst, and a first capacitor C1.

A first electrode (e.g., anode electrode) of the light-
emitting element LD may be connected to the third node N3,
and a second electrode (e.g., cathode electrode) thereol may
be connected to the second power line P12 that transmits the
second supply voltage VSS. The light-emitting element LID
may generate light having a predetermined luminance cor-
responding to current supplied from the first transistor T1.

The second power line PL.2 may have a line shape, but 1s
not limited thereto. In an embodiment, the second power line
PL2 may be a conductive layer 1n the form of a conductive
plate, for example.

In an embodiment, the light-emitting element LD may be
an organic light-emitting diode including an organic light-
emitting layer. In an embodiment, the light-emitting element
LD may be an inorganic light-emitting element including
inorganic material. In an embodiment, the light-emitting
clement LD may be a light-emitting element including a
composite of an morganic material and an organic material.
The light-emitting element LD may have a shape in which
a plurality of inorganic light-emitting elements 1s connected
in parallel and/or series between the second power line PL2
and the third node N3.

In an embodiment, the first to sixth transistors T1 to T6
may be oxide semiconductor transistors. In an embodiment,
the first to sixth transistors T1 to Té6 may be oxide semi-
conductor transistors as an active layer (semiconductor
layer), for example. Hereinafter, the first to sixth transistors
T1 to T6 will be described as oxide semiconductor transis-
tors that are N-type oxide semiconductor transistors. How-
ever, this 1s merely 1llustrative, and at least one of the first
to sixth transistors T1 to Té6 may be replaced with a
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polysilicon semiconductor transistor or the like. Further, at
least one of the first to sixth transistors T1 to T6 may be
replaced with a P-type transistor.

The first transistor (or the driving transistor) T1 may
include a first electrode connected to the fifth transistor TS,
and a second electrode connected to a third node N3. In an
embodiment, the first transistor T1 may include a first gate

clectrode and a second gate electrode (e.g., a back gate
clectrode).
The first transistor T1 may control, i response to the

voltage of the first node N1, driving current flowing from the
first power line PL1 to the second power line PL2 via the
light-emitting element LD. In an embodiment, the {first
supply voltage VDD may be set to a voltage higher than the
second supply voltage VSS, for example.

The first gate electrode of the first transistor T1 may be
connected to the first node N1. The second gate electrode of
the first transistor T1 may be connected to the third node N3.

As the second gate electrode of the first transistor T1 1s
connected to the third node N3 (e.g., a source electrode of
the first transistor T1), the gate-source voltage and driving,
current of the first transistor T1 may be stably maintained,
and the emission luminance of the light-emitting element
LD may be stabilized.

The second transistor T2 may be connected between the
1-th data line Dj (hereinatter, also referred to as the data line)
and the second node N2. The gate electrode of the second
transistor T2 may be connected to the 1-th first scan line S1;
(heremaftter, also referred to as the first scan line). When a
first scan signal SS1i 1s supplied to the first scan line S1i, the
second transistor T2 may be turned on to electrically connect
the j-th data line Dj and the second node N2.

The third transistor T3 may be connected between the
third power line PL3 and the first node N1. A third supply
voltage Vret (e.g., a reference voltage) may be supplied to
the third power line PL3. In an embodiment, the third supply
voltage Vrel may be about 0 volt (V) to about 3V, for
example.

The gate electrode of the third transistor T3 may be
connected to an 1-th third scan line S3i (heremafter, also

referred to as a third scan line). When a third scan signal
SS3i 1s supplied to the third scan line S3i, the third transistor
T3 may be turned on to supply the third supply voltage Vref
to the first node N1 (e.g., the gate electrode of the first
transistor T1).

The fourth transistor T4 may be connected between the
third node N3 and the fourth power line PL4. A fourth supply
voltage Vint (e.g., an 1nitialization voltage) may be supplied
to the fourth power line PL4. In an embodiment, the fourth
supply voltage Vint may be about -3V to about 3V, for
example.

The gate electrode of the fourth transistor T4 may be
connected to an 1-th second scan line S2i (hereinafter, also
referred to as a second scan line). When a second scan signal
SS2i 1s supplied to the second scan line S2i, the fourth
transistor T4 may be turned on to supply the fourth supply
voltage Vint to the third node N3 (i.e., the first electrode of
the light-emitting element LD).

The fifth transistor T5 may be connected between the first
power line PL1 and the first transistor T1. The gate electrode
of the fifth transistor T5 may be connected to the i-th
emission control line E1 (heremaftter, also referred to as the
emission control line). The fifth transistor T3 may be turned
ofl when an emission control signal ES1 1s supplied to the
emission control line Fi, and may be turned on 1n the other
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cases. when the fifth transistor TS 1s turned on, the first
transistor T1 may be electrically connected to the first power
line PL1.

The sixth transistor T6é may be connected between the
third power line PL3 and the second node N2. The gate
clectrode of the sixth transistor T6 may be connected to the
third scan line S3i. When a third scan signal SS3i 1s supplied
to the third scan line S3i, the sixth transistor T6 may be
turned on to supply the third supply voltage Vref to the
second node N2.

The storage capacitor Cst may be connected between the
first node N1 and the third node N3. The storage capacitor
Cst may store a diflerence 1n voltage between the first node
N1 and the third node N3. Further, the storage capacitor Cst
may store voltage based on the data signal DV]j.

The first transistor T1 may be an N-type transistor, and the
gate-source voltage and driving current of the first transistor
T1 may be greatly affected by the change 1n voltage of the
third node N3, which 1s the source voltage. In an embodi-
ment, the source voltage of the first transistor T1 may greatly
fluctuate due to the current-resistance (“IR”) drop on the
second power line PL2, and accordingly, the driving current
may be unintentionally changed. Particularly in a medium-
s1ized or large-sized display panel, the IR drop and image
quality deterioration (luminance deviation, etc.) due to the
IR drop may be increased, for example.

The storage capacitor Cst may maintain the gate-source
voltage of the first transistor T1. Thus, as the capacity
(capacitance) of the storage capacitor Cst increases, 1t may
be easy to compensate for the source voltage change due to
the IR drop by the second power line PL2.

However, in case that the capacitance of the storage
capacitor Cst 1s set large, the voltage of the data signal DV;
may be distributed by parasitic capacitors connected in
series to the storage capacitor Cst, and the voltage actually
applied to the first node N1 may be lower than the voltage
supplied to the data line Dj. Therefore, 1n order for a voltage
of a desired level to be applied to the first node N1 for light
emission, the voltage of the actual data signal DVy supplied
to the data line Dj should be increased, and a data swing
range increases. In an embodiment, 1n case that a voltage in
the range of about OV to about 6V 1s desired to be supplied
to the first node N1 to generate a driving current, the data
swing range may increase to a range greater than about OV
to about 6V as the capacitance of the storage capacitor Cst
increases, for example. Therefore, an increase in power
consumption due to an increase in the capacitance of the
storage capacitor Cst may occur.

The first capacitor C1 may be added to improve a trade-ofl
caused by an increase 1n the capacitance of the storage
capacitor Cst.

The first capacitor C1 may be connected between the first
node N1 and the second node N2. When the data signal DV
1s supplied to the second node N2, which 1s one end of the
first capacitor C1, the voltage of the first node N1 and the
gate-source voltage of the first transistor T1 may be deter-
mined according to the capacitance ratio of the first capaci-
tor C1 and the storage capacitor Cst.

In an embodiment, the capacitance of the storage capaci-
tor Cst may be greater than the capacitance of the first
capacitor C1. In an embodiment, an area of the storage
capacitor Cst may be greater than an area of the first
capacitor C1, for example. In an embodiment, the capaci-
tance of the storage capacitor Cst may be more than twice
the capacitance of the first capacitor C1, for example.

In an embodiment, 1n case that the voltage at both ends
between the second node N2 and the third node N3 1s V, the
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capacitance of the first capacitor C1 1s A, and the capaci-
tance of the storage capacitor Cst 1s B, the voltage between
both ends of the storage capacitor Cst may be determined as
(VxB/(A+B)), for example. Thus, as the capacitance B of
the storage capacitor Cst 1ncreases, the voltage of the first
node N1 may approach a voltage value supplied to the
second node N2. Accordingly, there 1s no need to increase
the data swing range.

Thus, power consumption may be reduced as the data
swing range 1s reduced, and image quality may be improved
as compensation for voltage drop 1s enhanced by the second
power line PL2.

FIG. 3 1s a cross-sectional view illustrating an embodi-
ment of transistors included 1n the pixel of FIG. 2.

Referring to FIGS. 2 and 3, the transistors 11 to T6 of the
pixel 10 may be formed 1n a backplane structure.

FI1G. 3 shows the first transistor T1 and the fifth transistor
T5 of the pixel 10 of FIG. 2.

The pixel 10 may 1nclude a base layer BL, a bufler layer
BUF, msulating layers GI, INS1, and INS2, semiconductor
patterns SC1 and SC2, and conductive patterns GATI,
GAT2, BM1, BM2, ET1a, ET2a, ET15, and ET2b.

The first transistor T1 may include the first lower con-
ductive pattern BM1 (e.g., a back gate electrode), the first
semiconductor pattern SCI1, the first gate electrode GAT1,
the first electrode FT1a, and the second electrode E12a.

The fifth transistor TS may include the second lower
conductive pattern BM2, the second semiconductor pattern
SC2, the second gate electrode GAT2, the first electrode
ET15h, and the second electrode ET24.

The base layer BL may be a rigid or flexible substrate or
film. In an embodiment, the base layer BLL may include a
glass substrate, a quartz substrate, a glass ceramic substrate,
a crystalline glass substrate or the like, for example. In an
alternative embodiment, the base layer BL may include a
polymer organic substrate including polyimide, polyamide,
or the like, a plastic substrate, etc.

In an embodiment, the first lower conductive pattern BM1
and the second lower conductive pattern BM2 may be
disposed on the base layer BL. The first lower conductive
pattern BM1 may overlap the first semiconductor pattern
SC1 and the first gate electrode GAT1. The second lower
conductive pattern BM2 may overlap the second semicon-
ductor pattern SC2 and the second gate electrode GAT?2.

The first lower conductive pattern BM1 and the second
lower conductive pattern BM2 may include a metal material.

In an embodiment, the first lower conductive pattern BM1
may be the back gate electrode of the first transistor T1. The
first lower conductive pattern BM1 may be electrically
connected to the second electrode E'T2a of the first transistor
T1.

In an embodiment, the second lower conductive pattern
BM2 may be another gate electrode of the fifth transistor T5.
The second lower conductive pattern BM2 may be con-
nected 1n common to the emission control line Ei together
with the second gate electrode GAT2.

The second to sixth transistors T2 to 16 are oxide semi-
conductor transistors and have light sensitive characteristics.
The fifth transistor T5 serving as a switching transistor may
include the second lower conductive pattern BM2 which 1s
an opaque metal and may be disposed as a gate electrode
under the second semiconductor pattern SC2 to improve
reliability and switching performance. In other words, the
fifth transistor 15 may have a dual gate structure.

In an embodiment, the second, third, fourth, and sixth
transistors 12, T3, T4, and T6 may also have a stack
structure similar to that of the fifth transistor T5.
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However, this 1s merely illustrative, and the second lower
conductive pattern BM2 may be a floating electrode that
does not serve as a gate electrode and simply serves to block
light. Further, at least one of the second to sixth transistors
12 to T6 may not have a lower conductive pattern.

The bufler layer BUF may be disposed on the base layer
BL and the lower conductive patterns BM1 and BM2. The
bufler layer BUF may prevent impurities from diflusing into
the circuit element from an outside. In an embodiment, the
bufler layer BUF may include at least one of metal oxides
such as silicon mitride (S1N_), silicon oxide (510,), silicon
oxynitride (S10,N,), and aluminum oxide (AlO,). In an
embodiment, the buflfer layer BUF may be formed to have
the thickness of about 5000 angstroms (A), for example. In
some embodiments, the buller layer BUF may be omitted.

The 1nsulating layers GI, INS1, and INS2 may be sequen-
tially disposed on the bufler layer BUF, and may include a
gate insulating layer I, a first insulating layer INS1, and a
second 1nsulating layer INS2.

Each of the msulating layers GI, INS1, and INS2 may
have a single-layer structure or a multi-layer structure, and
may include at least one 1norganic insulating material and/or
organic insulating material. In an embodiment, each of the
insulating layers GI, INS1, and INS2 may include various
types of currently available organic/inorganic insulating
maternals, including SiN_, for example. Further, the msulat-
ing layers GI, INS1, and INS2 may include different insu-
lating materials, or at least some of the insulating layers GI,
INS1, and INS2 may include the same 1nsulating material as
cach other.

The first semiconductor pattern SC1 and the second
semiconductor pattern SC2 may be disposed on the builer
layer BUF. Each of the first semiconductor pattern SC1 and
the second semiconductor pattern SC2 may include a chan-
nel area, a source area and a drain area on opposite sides of
the channel area.

Each of the first semiconductor pattern SC1 and the
second semiconductor pattern SC2 may be a semiconductor
pattern including an oxide semiconductor or the like. The
channel area of each of the first semiconductor pattern SC1
and the second semiconductor pattern SC2, which 1s an
undoped semiconductor pattern, may be an intrinsic semi-
conductor. Each of the source area and the drain area may be
a semiconductor pattern doped with a predetermined 1mpu-
rity.

In an embodiment, each of the first gate electrode GAT1,
the second gate electrode GAT?2, the first electrodes ET1a
and ET1b, and the second electrodes ET2a and ET26 may
include at least one conductive material, for example, Ag,
Mg, Al, Pt, Pd, Au, N1, Nd, Ir, Cr, T1, and any alloys thereof,
but 1s not limited thereto.

The first gate electrode GAT1 and the second gate elec-
trode GAT2 may be disposed on the gate insulating layer GI.
The first gate electrode GAT1 may overlap the channel area
of the first semiconductor pattern SC1, and the second gate
clectrode GAT2 may overlap the channel area of the second
semiconductor pattern SC2.

The first electrode ET1a of the first transistor T1 may be
connected to the drain area of the first semiconductor pattern
SC1 through a contact hole passing through the first insu-
lating layer INS1 and the gate mnsulating layer GI. The first

clectrode ET1la of the first transistor T1 may be a drain

electrode. Further, the first electrode ET1la of the first
transistor T1 may be connected to the second electrode ET25
of the fifth transistor TS5.

The second electrode E'12a of the first transistor T1 may
be connected to the source area of the first semiconductor
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pattern SC1 through a contact hole passing through the first
insulating layer INS” and the gate insulating layer GI. The
second electrode E'T2a of the first transistor T1 may be a
source electrode. Further, the second electrode ET2a of the
first transistor T1 may be connected to the first lower
conductive pattern BM1.

As the first lower conductive pattern BM1 (back gate
clectrode) 1s connected to the second electrode ET2a of the
first transistor T1, the gate-source voltage and driving cur-
rent of the first transistor T1 may be stably maintained, and
the emission luminance of the light-emitting element LD
may be stabilized.

The first electrode E'T15 of the fifth transistor TS5 may be
connected to the drain area of the second semiconductor
pattern SC2 through a contact hole passing through the first
insulating layer INS1 and the gate insulating layer GI. The
first electrode E'T15H of the fifth transistor TS may be a drain
clectrode.

The second electrode ET2b of the fifth transistor T5 may
be connected to the source area of the second semiconductor
pattern SC2 through a contact hole passing through the first
insulating layer INS1 and the gate insulating layer GI. The
second electrode E12b of the fifth transistor TS may be a
source electrode.

FIG. 4 1s a timing diagram 1llustrating an embodiment of
signals supplied to the pixel of FIG. 2.

Referring to FIGS. 2 and 4, in variable frequency driving,
for controlling the frame frequency, one frame period FR
may include one first non-emaission period NEP1 and at least
one second non-emission period NEP2.

A first emission period EP1 may be inserted between the
first non-emission period NEP1 and the second non-emis-
sion period NEP2, and a second emission period EP2 may
follow the second non-emission period NEP2. In the first
non-emission period NEP1 and the second non-emission
period NEP2, the emission control signal ES1 may be
supplied to the emission control line E1. In other words, the
emission control signal ES1 may be a signal level that turns
ofl the fifth transistor T5.

The second non-emission period NEP2 and the second
emission period EP2 may be inserted for low-frequency
driving to reduce power consumption. Although FIG. 4
illustrates that a frame period FR includes one second
non-emission period NEP2 and second emission period EP2,
the invention 1s not limited thereto. In an embodiment, when
the frame frequency 1s further reduced, the operations of the
second non-emission period NEP2 and the second emission
pertod EP2 may be repeated 1n the frame period FR, for
example.

The first non-emission period NEP1 may include a period
(e.g., a third period P3) in which a j-th data signal DV;
actually corresponding to an output image 1s written. In an
embodiment, 1n a second period P2 of the first non-emission
period NEP1, the emission control signal ES1 may have a
gate-on level. In this case, the light-emitting element LD
does not emit light due to threshold voltage compensation.
Therefore, the second period P2 may be included 1n the first
non-emission period NEP1.

In an embodiment, the first scan signal SS1:/ and the third
scan signal SS3; may be supplied 1n the first non-emission
pertiod NEP1. In an embodiment, the second scan signal
SS27 may be supplied 1n the first non-emission period NEP1
and the second non-emission period NEP2. The second scan
signal SS2i may be supplied multiple times in the first
non-emission period NEP1.

In an embodiment, the first non-emission period NEP1
may include first to fourth periods P1 to P4.
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Belore the first period P1, the third scan signal SS3; may
be supplied to the third scan line S3i, and the third transistor
T3 and the sixth transistor Té may be turned on. The third
scan signal SS37/ may be supplied during the first period P1
and the second period P2. The third transistor T3 and the
sixth transistor Té6 may be turned on during the first period
P1 and the second period P2. Thus, the third supply voltage
Vrel may be supplied to the first node N1 and the second
node N2 1n the first period P1 and the second period P2.
Theretfore, voltages at both ends of the first capacitor C1
may be iitialized to the third supply voltage Vref.

In the first period P1, the second scan driver 300 may
supply the second scan signal SS2i to the second scan line
S2i. In response to the second scan signal SS2i, the fourth
transistor T4 may be turned on, and the fourth supply voltage
Vint may be transmitted to the third node N3. Thus, a voltage
of Vref—Vint may be stored in the storage capacitor Cst. The
first period P1 may be a period in which voltages on both
ends of the first capacitor C1 and the storage capacitor Cst
are 1nitialized.

In the second period P2, the supply of the second scan
signal 852/ may be stopped, and the second and fourth
transistors 12 and T4 may be turned ofl. In the second period
P2, the supply of the emission control signal ES1 may be
stopped, and the fifth transistor TS5 may be turned on. Thus,
during the second period P2, current may flow to the first
transistor 11, and a voltage corresponding to a difference
between the third supply voltage Vrel and the threshold
voltage of the first transistor T1 may be applied to the third
node N3.

Thus, the threshold voltage of the first transistor T1 may
be stored 1n the storage capacitor Cst. In other words, the
second period P2 may be a threshold voltage compensation
period.

Subsequently, the fifth transistor T3 may be turned ofl by
supplying the emission control signal ES1 before the first
emission period EP1.

Thereatter, before the third period P3, the second scan
driver 300 may supply the second scan signal SS2i to the
second scan line S2i. Thus, the fourth transistor T4 may be
turned on, and the fourth supply voltage Vint may be
supplied to the third node N3. Here, the storage capacitor Cst
may maintain a state 1n which the threshold voltage is stored,
by the coupling of the storage capacitor Cst.

Thereatter, the supply of the third scan signal SS3i may be
stopped 1n the third period P3, so the third transistor T3 and
the sixth transistor T6 may be turned ofl. Further, 1n the third
period P3, the first scan driver 200 may supply the {irst scan
signal SS1; to the first scan line S1i, and the second scan
driver 300 may supply the second scan signal SS2i to the
second scan line S2i.

In response to the first scan signal SS1i, the second
transistor T2 may be turned on, and the data signal provided
to the data line Dy may be supplied to the second node N2.
In response to the second scan signal SS2i, the fourth
transistor T4 may be turned on, and the third node N3 may
have the fourth supply voltage Vint.

Thus, data may be written 1n a state 1n which the voltage
of one end (1.e., the third node N3) of the storage capacitor
Cst 1s fixed to the fourth supply voltage Vint, which 1is
constant power. The voltage of the data signal DVy may be
distributed depending on the capacitance ratio between the
first capacitor C1 and the storage capacitor Cst. Therelore,
the storage capacitor Cst may store a voltage 1n which the
threshold voltage 1s reflected in the result of dividing a
difference between the data signal DVy and the fourth supply
voltage Vint.
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As described above, in case that the capacitance of the
storage capacitor Cst 1s sufliciently large, most of the voltage
value of the data signal DVj may be stored at both ends of
the storage capacitor Cst. Therefore, a data swing range and
power consumption are not increased.

As described above, the third period P3 may be a data
writing period. In other words, the threshold voltage com-
pensation period (the second period P2) and the data writing
period (the third period P3) may be separated from each
other. Therefore, a suflicient amount of time desired for the
threshold voltage compensation may be secured.

In an embodiment, the third period P3 that 1s the data
writing period may be two or more horizontal cycles. In an
embodiment, as shown in FI1G. 4, the third period P3 and the
first scan signal SS1; may have two horizontal periods, and
in response to the first scan signal SS1i, the data signal
DV(1-1)j corresponding to the (1—1)-th row and j-th column
and the data signal DV1y corresponding to the (1-1)-th row
and j3-th column may be supplied to the data line Dj, for
example. Here, since the voltage finally stored 1n the storage
capacitor before the emission of the pixel 10 1s related to the
data signal DVij, the pixel 10 may emit light having a
luminance corresponding to the data signal DVi;.

In this case, a part of the scan signal supplied to an 1-1-th
first scan line connected to the 1—1-th pixel may overlap a
part of the scan signal supplied to the first scan line S1i.

Therelfore, when driving a high-resolution panel in which
the length of one horizontal cycle 1s shortened, driving a
large panel, and/or driving a high frequency of about 120 Hz
or higher, the data writing period may be sufliciently secured
and 1mage quality may be improved.

However, this 1s merely 1llustrative, and the third period
P3 and the pulse width of the first scan signal SS1; may be
one horizontal cycle.

Thereatfter, in the fourth period P4, the supply of the first
scan signal SS1; may be stopped and the second transistor
12 may be turned off. Since the supply of the second scan
signal SS2i 1s maintained, the fourth transistor T4 has a
turn-on state in the fourth period P4. Thus, the first electrode
of the light-emitting element LD may be mitialized to the
tourth supply voltage Vint, and the parasitic capacitor of the
light-emitting element LD may be discharged. As residual
voltage charged into the parasitic capacitor 1s discharged
(removed), unintended fine emission may be prevented.
Theretore, the black expression performance of the pixel 10
may be enhanced.

Thereatfter, the supply of the second scan signal SS2i may
be stopped, the supply of the emission control signal ES1 to
the emission control line F1 may be stopped, and the first
emission period EP1 may proceed.

In the first emission period EP1, driving current may be
generated based on the voltage stored 1n the storage capaci-
tor Cst, and the light-emitting element LD may emait light in
response to the driving current.

In the second non-emission period NEP2, the emission
control signal ES1 may be supplied to the emission control
line E1, and the emission of the light-emitting element LD
may be stopped. The second non-emission period NEP2 may

include a fifth period PS5.

In the fifth period P35, the second scan driver 300 may
supply the second scan signal SS2i to the second scan line
S2i. In response to the second scan signal S52i, the fourth
transistor T4 may be turned on, and the fourth supply voltage
Vint may be supplied to the third node N3. Consequently, the
parasitic capacitor of the light-emitting element LD may be

discharged. As residual voltage charged into the parasitic
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capacitor 1s discharged (removed), emission at an unin-
tended luminance may be prevented in the second non-
emission period NEP2.

Thereafter, similarly to the first emission period EP1, 1n
the second emission period EP2, the light-emitting element
LD may emit light 1n the second emission period EP2 based

on the voltage stored 1n the storage capacitor Cst in the third
period P3.

As described above, the pixel 10 applied to variable
frequency driving including low frequency driving and the
display device 1000 including the pixel in embodiments of
the invention may 1nclude the first capacitor C1 and the sixth
transistor 16. Therefore, a data signal DVj 1s provided to the
first transistor T1 according to a capacitance ratio of the first
capacitor C1 and the storage capacitor Cst connected 1n
series with each other, so a data swing range for expressing,
an entire grayscale may be reduced, and thereby power
consumption may be reduced, and an area (and capacitance)
of the storage capacitor Cst may be greatly increased.
Therefore, compensation for a voltage drop caused by the IR
drop of the display panel may be enhanced without an
increase in power consumption, so that image quality may
be 1mproved.

Further, the threshold voltage compensation period (sec-
ond period P2) and the data writing period (third period P3)
are separated from each other, and the data writing period
has a time of two or more horizontal cycles, so that threshold
voltage compensation time and data writing time may be
sufliciently secured. Therefore, the 1image quality of dign
resolution panel driving, large panel driving, and/or high
frequency driving of about 120 Hz or higher may be
improved.

FIG. 5 1s a circuit diagram 1llustrating an embodiment of
a pixel included 1n the display device of FIG. 1.

In the following description of FIG. 3, the same reference
numerals are used to designate the same or similar compo-
nents as those of FIG. 2, and repetitive description thereof
will be omatted.

Retferring to FIG. 5, the pixel 11 may include the light-
emitting element LD, the first to sixth transistors 11 to T,
the storage capacitor Cst, and the first capacitor CI1.

The third transistor T3 may be connected between the
third power line PL.3 and the first node N1. The third supply
voltage Vrefl (e.g., a first reference voltage) may be sup-
plied to the third power line PL3. When the third scan signal
SS3i 1s supplied, the third transistor T3 may be turned on to
supply the third supply voltage Vrefl to the first node N1
(1.e., the gate electrode of the first transistor T1).

The sixth transistor T6 may be connected between the
fifth power line PLS and the second node N2. The fifth
supply voltage Vref2 (e.g., a second reference voltage) may
be supplied to the fifth power line PL5. When the third scan
signal SS3i 1s supplied, the sixth transistor T6 may be turned
on to supply the fifth supply voltage Vrei2 to the second
node N2.

In an embodiment, the third supply voltage Vrefl and the
fifth supply voltage Vrel2 may have diflerent voltage values
from each other. Thus, different voltages may be supplied to
the first node N1 and the second node N2.

The voltage value of the data signal DV7 may be divided
by a voltage diflerence between the third supply voltage
Vrefl and the fitth supply voltage Vrel2 to adjust the value
stored 1n the storage capacitor Cst. Therefore, the data swing
range may be adjusted by adjusting the voltage level of each
of the third supply voltage Vrefl and the fifth supply voltage

Vref2.
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FIG. 6 1s a circuit diagram 1llustrating an embodiment of
a pixel included in the display device of FIG. 1.

In the following description of FIG. 6, the same reference
numerals are used to designate the same or similar compo-
nents as those of FIG. 2, and repetitive description thereof
will be omuitted.

Referring to FIG. 6, the pixel 12 may include the light-
emitting element LD, the first to sixth transistors 11 to T,
the storage capacitor Cst, and the first capacitor C1.

The sixth transistor T6 may be connected between the first
node N1 and the second node N2. The gate electrode of the
sixth transistor T6 may be connected to the third scan line
S3i. Thus, the third supply voltage Vrel may be supplied
through the third transistor T3 and the sixth transistor T6 to
the second node N2.

The operation of the pixel 12 may be substantially the
same as that of the pixel 10 of FIG. 2. The pixel structure of
FIG. 6 may be considered in terms of pixel design and

layout.

FIG. 7 1s a block diagram illustrating an embodiment of
a display device 1n accordance with the invention.

In the following description of FIG. 7, the same reference
numerals are used to designate the same or similar compo-
nents as those of FIG. 1, and repetitive description thereof
will be omuitted.

Referring to FIG. 7, the display device 1000A may
include a pixel component 100, scan drivers 200, 300, 400,
and 800, an emission driver 500, a data driver 600, and a
timing controller 700.

In an embodiment, the scan drivers 200, 300, 400, and 800
may be divided into of the first scan driver 200, the second
scan driver 300, the third scan driver 400, and the fourth
scan driver 800 1n terms of configuration and operation.

In an embodiment, the pixel PX1j may be connected to an
1-th first scan line S1i, an 1-th second scan line S2i, an 1-th
third scan line S3i, an 1-th fourth scan line S4i, an 1-th
emission control line Ei, and a j-th data line Dy. The pixel
PX1 may include a driving transistor, a plurality of switch-
ing transistors, and a plurality of capacitors.

The pixel PX1; may be supplied with a first supply voltage
VDD, a second supply voltage VSS, a third supply voltage
Vref (e.g., a reference voltage), and a fourth supply voltage
Vint (e.g., an nitialization voltage) from an external device.
In an embodiment, the pixel PX1y may be further supplied
with a fifth supply voltage VEH.

In an embodiment, the timing controller 700 may further
generate a fourth scan driving control signal SCS4 based on
timing signals. The fourth scan driving control signal SCS4
may control the first output timing of the scan signal
(heremaftter, also referred to as the fourth scan signal) output
from the fourth scan driver 800, and may be used to shiit the
fourth scan signal.

The fourth scan driver 800 may supply fourth scan signals
to fourth scan lines S4 1n response to the fourth scan driving,
control signal SCS4. In an embodiment, the fourth scan
driver 800 may successively supply fourth scan signals to
the fourth scan lines S4, for example.

In an embodiment, the fifth supply voltage VEH may be
supplied to the source electrode of the driving transistor of
the pixel PX1y in response to the fourth scan signal.

The fourth scan driver 800 may supply the fourth scan
signals to the fourth scan lines S4 in the first non-emission
period and the second non-emission period of one frame. In
an embodiment, during one frame, the fourth scan signal
may be supplied to the i1-th fourth scan line S4; multiple
times, for example.
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FIG. 8 1s a circuit diagram 1llustrating an embodiment of
a pixel included 1n the display device of FIG. 7, and FIG. 9
1s a timing diagram 1llustrating an embodiment of signals
supplied to the pixel of FIG. 8.

In the following description of FIGS. 8 and 9, the same
reference numerals are used to designate the same or similar
components as those of FIGS. 2 and 4, and repetitive
description thereol will be omitted.

Referring to FIGS. 8 and 9, the pixel 13 may include a
light-emitting element LD, first to eighth transistors 11 to
18, a storage capacitor Cst, and a first capacitor C1.

The seventh transistor T7 may be connected between the
first electrode (e.g. the source electrode, the fourth node N4)
of the first transistor T1 and the fifth power line PLS. The
fitth supply voltage VEH (e.g., bias voltage) may be sup-
plied to the fifth power line PLS. In an embodiment, the fifth
supply voltage VEH may be about -3V to about 3V, for
example.

The gate electrode of the seventh transistor T7 may be
connected to an 1-th fourth scan line S4i (hereinaiter, also
referred to as a fourth scan line). When the fourth scan signal
1s supplied to the fourth scan line S4i, the seventh transistor
T7 may be turned on to supply the fifth supply voltage VEH
to the source electrode and the second gate electrode (back
gate electrode) of the first transistor T1.

When the fifth supply voltage VEH 1s supplied to the
source electrode (the fourth node N4) of the first transistor
11, the bias state of the first transistor T1 may be changed,
and the threshold voltage characteristics of the first transistor
T1 may be changed. Consequently, in low-frequency driv-
ing, the characteristics of the first transistor T1 may be fixed
to a predetermined state to be prevented from being dete-
riorated.

The eighth transistor T8 may be connected between the
fourth node N4 and the third node N3. The gate electrode of
the eighth transistor 18 may be connected to the emission
control line Ei1. The eighth transistor T8 may be turned ofl 1n
response to the emission control signal ESi. Therefore, a
voltage change 1n the storage capacitor Cst due to the fifth
supply voltage VEH supplied to the fourth node N4 may be
prevented.

As shown 1n FIG. 9, i1n an embodiment, the fourth scan
driver 800 may supply the fourth scan signal to the fourth
scan line S4i 1n the third period P3, the fourth period P4, and
the fifth period P5. Therefore, the fifth supply voltage VEH
may be supplied to the source electrode of the first transistor
T1 1n the third period P3, the fourth period P4, and the fifth
period P3.

However, this 1s merely illustrative. In the {first non-
emission period NEP1, the fourth scan signal may be
supplied 1n the fourth period P4 or after the fourth period P4.
Further, 1n the second non-emission period NEP2, the fourth
scan signal may be supplied in periods other than the fifth
period PS5 or 1n a part of the fifth period PS5.

By periodically supplying the fifth supply voltage VEH to
the source electrode of the first transistor T1 1n low-ire-
quency drniving, the characteristics of the first transistor T1
may be fixed to a predetermined state to be prevented from
being deteriorated. Therefore, the 1mage quality may be
further improved 1n the low-frequency driving.

Although the invention has been described with reference
to preferred embodiments, 1t 1s to be understood that changes
and variations may be made without departing from the
spirit or scope of the following claims.

A pixel applied to variable frequency driving including
low frequency driving and a display device including the
pixel in embodiments of the imvention may include a first
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capacitor and a sixth transistor. Therefore, a data signal 1s
provided to a first transistor according to a capacitance ratio
of the first capacitor and the storage capacitor connected 1n
series with each other, so a data swing range for expressing
an entire grayscale may be reduced, and thereby power
consumption may be reduced, and an area (and capacitance)
of the storage capacitor may be greatly increased. Therefore,
compensation for a voltage drop by a second power line may
be enhanced without an increase in power consumption, so
that image quality may be improved.

Furthermore, a threshold voltage compensation period
(second period) and a data writing period (third period) are
separated from each other, and the data writing period has a
time of two or more horizontal cycles that partially overlap
with the data writing periods of adjacent pixel rows, so that
threshold voltage compensation time and data writing time
may be sufliciently secured. Therefore, the 1mage quality of
high resolution panel driving, large panel driving, and/or
high frequency driving of about 120 Hz or higher may be
improved.

However, eflects of the invention are not limited to the
above-described eflects, and various modifications are pos-
sible without departing from the spirit and scope of the
invention.

What 1s claimed 1s:

1. A display device comprising:

first to third scan lines;

an emission control line;

a data line;

a scan driver which supplies a first scan signal, a second
scan signal, and a third scan signal to the first scan line,
the second scan line, and the third scan line, respec-
tively, 1n a first non-emission period, and supplies the
second scan signal to the second scan line 1n a second
non-emission period;

an emission driver which supplies an emission control
signal to the emission control line in the first non-
emission period and the second non-emission period;

a data driver which supplies a data signal to the data line
in the first non-emission period; and

a pixel connected to the first to third scan lines, the
emission control line and the data line and comprising:
a light-emitting element;

a first transistor which controls a dniving current which
flows from a first power line which provides a first
supply voltage through the light-emitting element to
a second power line which provides a second supply
voltage based on a voltage of a first node;

a second transistor which 1s connected between the data
line and a second node, and turned on 1n response to
the first scan signal supplied to the first scan line;

a first capacitor connected between the first node and
the second node;

a third transistor which 1s connected between a third
power line which provides a third supply voltage and
the first node, and turned on 1n response to the third
scan signal supplied to the third scan line;

a storage capacitor connected between the first node
and a third node;

a Tourth transistor which 1s connected between the third
node and a fourth power line which provides a fourth
supply voltage, and turned on in response to the
second scan signal supplied to the second scan line;

a fifth transistor which 1s connected between the first
power line and the first transistor, and turned off 1n
response to the emission control signal supplied to
the emission control line; and
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a sixth transistor which supplies a fifth supply voltage
to the second node in response to the third scan
signal,

wherein:

the sixth transistor 1s connected between the third power
line and the second node, and

the fifth supply voltage 1s the third supply voltage.

2. The display device according to claim 1, wherein the
first transistor comprises:

a first electrode connected to the fifth transistor;

a second electrode electrically connected to the third

node;

a first gate electrode connected to the first node; and

a second gate electrode connected to the second electrode.

3. The display device according to claim 2, wherein
capacitance of the storage capacitor 1s greater than capaci-
tance of the first capacitor.

4. The display device according to claim 1, wherein at
least one of the second to sixth transistors comprises:

an oxide semiconductor pattern;

a first gate electrode overlapping the oxide semiconductor
pattern; and

a second gate electrode facing the first gate electrode with
the oxide semiconductor pattern interposed therebe-
tween, and electrically connected to the first gate elec-
trode.

5. The display device according to claim 1, wherein:

the first non-emission period comprises a first period, a
second period, a third period, and a fourth period which
are sequentially performed, and

the second scan signal and the third scan signal are
supplied to the second scan line and the third scan line,
respectively, during the first period.

6. The display device according to claim 1, wherein,
during the second period, the third scan signal 1s supplied to
the third scan line, and the fifth transistor 1s turned on by
interruption of the emission control signal.

7. The display device according to claim 6, wherein:

the first scan signal and the second scan signal are
supplied to the first scan line and the second scan line,
respectively, during the third period, and

the data signal 1s supplied to the pixel i response to the
first scan signal.

8. The display device according to claim 7, wherein the
second scan signal 1s supplied to the second scan line during
the fourth period.

9. The display device according to claim 1, wherein:

the sixth transistor 1s connected between a fifth power line
and the second node, and

the fifth supply voltage 1s diflerent from the third supply
voltage.

10. A display device comprising:

first to third scan lines;

an emission control line;

a data line;

a scan driver which supplies a first scan signal, a second
scan signal, and a third scan signal to the first scan line,
the second scan line, and the third scan line, respec-
tively, 1n a first non-emission period, and supplies the
second scan signal to the second scan line 1n a second
non-emission period;

an emission driver which supplies an emission control
signal to the emission control line 1 the first non-
emission period and the second non-emission period;

a data driver which supplies a data signal to the data line
in the first non-emission period; and
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a pixel connected to the first to third scan lines, the
emission control line and the data line and comprising:
a light-emitting element;

a first transistor which controls a driving current which
flows from a first power line which provides a first
supply voltage through the light-emitting element to
a second power line which provides a second supply
voltage based on a voltage of a first node;

a second transistor which 1s connected between the data
line and a second node, and turned on 1n response to
the first scan signal supplied to the first scan line;

a first capacitor connected between the first node and
the second node;

a third transistor which 1s connected between a third
power line which provides a third supply voltage and
the first node, and turned on 1n response to the third
scan signal supplied to the third scan line;

a storage capacitor connected between the first node
and a third node;

a Tourth transistor which 1s connected between the third
node and a fourth power line which provides a fourth
supply voltage, and turned on 1in response to the
second scan signal supplied to the second scan line;

a fifth transistor which 1s connected between the first
power line and the first transistor, and turned off 1n
response to the emission control signal supplied to
the emission control line; and

a sixth transistor which supplies a fifth supply voltage
to the second node in response to the third scan
signal,

wherein:

the sixth transistor 1s connected between the first node and
the second node, and

the fifth supply voltage 1s identical to the third supply
voltage.

11. A display device comprising:

first to third scan lines;

an emission control line;

a data line;

a scan driver which supplies a first scan signal, a second
scan signal, and a third scan signal to the first scan line,
the second scan line, and the third scan line, respec-
tively, 1n a {irst non-emission period, and supplies the
second scan signal to the second scan line 1n a second
non-emission period;

an emission driver which supplies an emission control
signal to the emission control line in the first non-
emission period and the second non-emission period;

a data driver which supplies a data signal to the data line
in the first non-emission period; and

a pixel connected to the first to third scan lines, the
emission control line and the data line and comprising:
a light-emitting element;

a first transistor which controls a driving current which
flows from a first power line which provides a first
supply voltage through the light-emitting element to
a second power line which provides a second supply
voltage based on a voltage of a first node;

a second transistor which 1s connected between the data
line and a second node, and turned on 1n response to
the first scan signal supplied to the first scan line;

a lirst capacitor connected between the first node and
the second node;

a third transistor which 1s connected between a third
power line which provides a third supply voltage and
the first node, and turned on 1n response to the third
scan signal supplied to the third scan line;
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a storage capacitor connected between the first node
and a third node;

a Tourth transistor which 1s connected between the third
node and a fourth power line which provides a fourth
supply voltage, and turned on in response to the
second scan signal supplied to the second scan line;

a fifth transistor which 1s connected between the first
power line and the first transistor, and turned off 1n
response to the emission control signal supplied to
the emission control line; and

a sixth transistor which supplies a fifth supply voltage
to the second node in response to the third scan
signal,

wherein:

the first non-emission period comprises a first period, a
second period, a third period, and a fourth period which
are sequentially performed, and

the second scan signal and the third scan signal are
supplied to the second scan line and the third scan line,
respectively, during the first period,

wherein the display device further comprising a fourth
scan line and a fifth power line,

wherein the scan driver supplies a fourth scan signal to the
pixel through the fourth scan line 1n the first non-
emission period and the second non-emission period,
and

wherein the pixel further comprises:

a seventh transistor which 1s connected between the fifth
power line which provides a sixth supply voltage and
the first transistor, and turned on 1n response to the
fourth scan signal; and

an eighth transistor which i1s connected between the first
transistor and the third node, and turned off 1n response
to the emission control signal.

12. The display device according to claim 11, wherein the

scan driver supplies the fourth scan signal to the fourth scan
line 1n the fourth period.

13. The display device according to claim 12, wherein the

fourth scan signal overlaps at least a part of the third period.

14. A pixel connected to first to fifth power lines, first to

third scan lines, a data line and an emission control line, the
pixel comprising:

a light-emitting element;

a first transistor which controls a driving current which
flows from the first power line which provides a first
supply voltage through the light-emitting element to
the second power line which provides a second supply
voltage based on a voltage of a first node;

a second transistor which 1s connected between the data
line and a second node, and turned on in response to a
first scan signal supplied to the first scan line;

a first capacitor connected between the first node and the
second node:

a third transistor which 1s connected between the third
power line which provides a third supply voltage and
the first node, and turned on in response to a third scan
signal supplied to the third scan line;

a storage capacitor connected between the first node and
a third node;

a fourth transistor which 1s connected between the third
node and the fourth power line which provides a fourth
supply voltage, and turned on in response to a second
scan signal supplied to the second scan line;

a fifth transistor which 1s connected between the first
power line and the first transistor, and turned off in
response to an emission control signal supplied to the
emission control line; and
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a sixth transistor connected between the fifth power line
and the second node, the fifth power line which pro-
vides a fifth supply voltage in response to the third scan
signal,

wherein:

the sixth transistor 1s connected between the third power
line and the second node, and

the fifth supply voltage 1s the third supply voltage.

15. The pixel according to claim 14, wherein the first

transistor comprises:

a first electrode connected to the fifth transistor;

a second electrode electrically connected to the third
node;

a first gate electrode connected to the first node; and

a second gate electrode connected to the second electrode,
and

capacitance of the storage capacitor 1s greater than capaci-
tance of the first capacitor.

10 second period, the third transistor, the fifth transistor, and the

24

16. The pixel according to claim 15, wherein:

one frame period comprises a first non-emission period
and at least one second non-emission period,

the first non-emission period comprises a first period, a
second period, a third period, and a fourth period which
are sequentially performed, and

the third transistor, the fourth transistor, and the sixth
transistor are turned on during the first period.

17. The pixel according to claim 16, wherein, during the

sixth transistor are turned on, and a threshold voltage of the
first transistor 1s stored in the storage capacitor.
18. The pixel according to claim 17, wherein:
during the third period, the second transistor and the
fourth transistor are turned on, and a data signal 1s
written, and
the fourth transistor 1s turned on during the fourth period.
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